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SECTION 1

Introduction

This document summarises how stakeholder input has shaped the design of the
AMIGDALA modelling suite for the decarbonisation of the European process
industry. It describes the engagement process, presents the main themes raised by
stakeholders across sectors, and sets out how the project has responded through
concrete inclusion and exclusion decisions.

The report is organised as follows. Section 2 outlines the stakeholder engagement and
decision-making methodology. Section 3 synthesises cross-cutting feedback. Section
4 presents sector specific summaries for steel, cement, glass, chemicals and fuels &
feedstocks, pulp & paper, and non-ferrous metals (aluminium and copper). Section 5
concludes by reflecting on how the resulting modelling choices implement
AMIGDALA's core principles and where simplifications remain. Detailed issue logs and
decision matrices are provided in annexes.

~100 ~80 86

STAKEHOLDERS INVITED TO OPERATIONAL ISSUES
IDENTIFIED CONTRIBUTE LOGGED

Scope at a glance. Seven sectors: steel, cement, glass, chemicals, fuels & feedstocks,
pulp & paper, and non-ferrous metals (aluminium and copper). Engagement covered
industry associations, major companies and academic experts.
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SECTION 2

Stakeholder engagement and
decision-making methodology

2.1 Stakeholder mapping and outreach

The first step was to map the stakeholder landscape in a structured way.
Approximately 100 relevant stakeholders were identified across three main groups:

¢ European and sectoral industry associations,

+ Major industrial companies active in the relevant value chains, and

+ Academic experts with recognised expertise in energy and industrial systems

modelling.

Industry associations were identified through targeted searches focused on each
sector and its representative bodies. Major companies were selected by combining
Deloitte's network with complementary internet searches to ensure coverage of the
main players. Academic experts were identified via publication searches and
recommendations from AMIGDALA researchers.

On this basis, around 80 stakeholders were invited to contribute via meetings or
written feedback. As the engagement progressed, the focus naturally shifted toward
industry associations, which are able to convey consolidated sector positions while
reflecting a diversity of company perspectives.

2.2 Sectoral engagement and validation of minutes

For each sector, dedicated review meetings were organised. These meetings
combined:

+ A presentation of how the sector is currently represented in the model suite
(routes, boundaries, emissions scope), and

+ A structured discussion of expectations, key modelling choices, perceived
data gaps, and priority scenario questions.

The presentation of how the sector is currently represented was synthesized in the
format of a flow chart. Each flow chart was constructed using the same template.

AMIGDALA - STAKEHOLDER FEEDBACK : V1.2 PAGE 3/24



Flow chart guide AMIGALA

All SECTOR production technologies covered by the
modelling suite. The mix resulting from the modelling will

Structure of the consist of some or all of the first 5 technologies, while
modelling. downstream processes are systematically applied.
From the scenarios and

control levers, the Steel Industry Flowchart

macroeconomics and
sectoral developments,
as well as the resulting
demand for fuels &
feedstocks can be
modelled. This, along
with the availability, price
and upstream emissions
of resources, allows for
modelling the optimal
mix of production
technologies.

Energy carriers and feedstocks considered by : Coloured boxes represent the main energy and
the modelling suite for the steel production. feedstock inputs for the technology. Smaller boxes

qualitatively indicates inputs of secondary order

FIGURE - FLOWCHART TEMPLATE USED FOR EACH SECTOR

All exchanges — meetings, calls and written follow-ups — were systematically
minuted. Draft minutes captured formal recommmendations as well as clarifications,
reservations and broader contextual information that could be relevant for modelling.
These drafts were circulated back to participants for validation, allowing stakeholders
to correct any misunderstandings and ensure that the written record accurately
reflected their views.

2.3 From qualitative feedback to a structured issue log

Once validated, the minutes were processed to extract concrete modelling
implications. Recommendations, advice and requests were reformulated as
operational yes/no questions. This step was essential to create a structured issue
log, facilitate traceability, and enable the same decision-making process to be applied
consistently across sectors.

In total, 86 such issues were identified. They cover technology choices, process
representation, data requirements, scenario design and cross-sector couplings.

2.4 Multi-criteria assessment and decisions

Each issue was reviewed by the relevant AMIGDALA project representatives —
modellers, data leads and scenario experts — so that both technical feasibility and
strategic relevance were considered. A common set of criteria guided the assessment:

+ Importance for stakeholders: How strongly was the issue emphasised and by
whom?

+ Impact on key model outputs: \Would the change materially affect robustness,
credibility or policy relevance of results (emissions, costs, trade, dependencies,
etc.)?
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+ Implementation effort and data risk: \What is the effort required to implement
the change in the modelling framework, and is sufficiently robust data
available?

For each yes/no question, the team recorded a decision (Yes, No or TBD/Unclear)
along with a short justification and, in case of inclusion, a brief indication of how it
would be implemented. These decisions are summarised in annexed tables for each

sector.
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SECTION 3

General outcomes — 5 cross-cutting
issues

Key requests and questions emerged across different sectors.

CROSS-CUTTING 01
Test trade, CBAM design and competitiveness outcomes, not just emissions

Participants highlighted exposure to international competition and carbon-leakage
risks, asking AMIGDALA to analyse how different CBAM and standards designs affect
trade flows and emissions when finished products such as windows, composite parts
and semi-finished metals are considered, not just basic materials. They also requested
that new import dependencies on DRI/HBI, bauxite, concentrates and key chemical
feedstocks under different pathways be quantified alongside emissions and costs.

CROSS-CUTTING 02
Use scenarios to test investment, risk-mitigation and policy frameworks

Industry representatives emphasised that large CAPEX and high OPEX for low-carbon
routes in aluminium, chemicals, glass and pulp & paper mean that pathways only
become realistic if supportive policy, funding instruments and risk-mitigation tools are
in place. They asked AMIGDALA to explicitly explore how different levels and forms of
policy support, energy-price trajectories and financing frameworks affect the timing
and scale of decarbonisation investments, including cases where these enablers are
delayed or insufficient.

CROSS-CUTTING 03
Reflect material constraints and by-product use, not just technologies

Stakeholders stressed that AMIGDALA should treat secondary materials — scrap, cullet
(recycled glass fragments), paper for recycling and copper scrap — not as unlimited
levers but as hard constraints shaped by availability, quality, contamination and
competing uses across sectors. They also asked that key by-products such as slag,
bauxite residue, dross, salt slags and composite end-of-life streams be represented
explicitly, with scenarios contrasting high cross-sector valorisation (e.g. into cement,
steel, glass) against continued underuse or landfill so that their system-wide impact is
visible.

CROSS-CUTTING 04
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Make enabling infrastructure and energy prices explicit scenario
constraints

Across glass, aluminium, chemicals and pulp & paper, stakeholders warned that
electrification, hydrogen and CCS deployment are gated by grid capacity, access
to stable and affordable low-carbon electricity, hydrogen availability and suitable
COs; transport and storage options, rather than technology readiness alone. They
want AMIGDALA scenarios to make these enablers explicit — showing different
outcomes under tight versus relaxed infrastructure and energy-price conditions
instead of assuming unconstrained rollout.

CROSS-CUTTING 05
Encode real-world process and quality constraints in the models

Stakeholders across sectors asked that route-specific limits — such as furnace designs,
maximum feasible shares of scrap or DRI, temperature tiers and strict purity
requirements — be encoded so that scenario outputs remain technically credible and
consistent with achievable product quality. They also want these constraints and
simplifications to be documented clearly, so users understand what is and is not
represented in AMIGDALA and can interpret results accordingly.

Treatment of paper and copper in the modelling scope. Stakeholder discussions
highlighted paper and copper as potentially relevant materials, particularly with respect
to circularity and recycling dynamics. However, at this stage, their relative contribution
to overall emissions and their strategic leverage for system-wide decarbonisation are
assessed as more limited compared to the sectors prioritised in the core scope of the
model. In addition, available data and modelling conventions for these materials are less
consolidated and more heterogeneous. As a result, their inclusion as dedicated sectoral
modules remains under consideration. References to paper and copper in this
document should therefore be understood as illustrative of broader issues rather than
as confirmation of their full or final integration in the modelling framework.
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SECTION 4

Sector specific outcomes

4.1 Glass

Three big asks: electrification limits, realism of recycling flows, and whether to

ol break out glass wool as a distinct module.

In the glass sector, stakeholder comments focused on three major issues: first, the
degree of electrification, including how far and how fast hybrid, oxy-fuel and fully
electric furnaces can realistically scale given technical, cost and infrastructure
constraints; second, the realism of recycling flows, with particular emphasis on cullet
availability, competition between flat and container uses, and contamination/quality
limits that constrain achievable recycling rates; and third, the inclusion of glass wool
and other fibre segments as distinct modules, reflecting their different chemistries,
furnace technologies and extremely stringent purity requirements compared with flat
and container glass.

The final modelling choices seek a balance between acknowledging innovative
options and preserving a realistic representation of current and near-term industry
practice. Full-electric flat glass production is retained in the model but clearly
treated as a outlying, long-term option rather than a central decarbonisation route.
This reflects both stakeholder feedback on its technological and economic
uncertainty and the project’s desire to avoid overstating its short-term role. On the
recycling side, the model does not enforce an idealised closed loop. Regarding glass
wool, because it is responsible for a very small share of European industrial emissions
and even though it is critical to decarbonize buildings and develop composite
materials necessary for low-carbon technologies, it will not be included in the
modelling.

TABLE 1 - OVERVIEW OF MAIN GLASS SECTOR DECISIONS

ISSUE ‘ INCLUSION RATIONALE

Full-electric flat glass Included but treated as a long-shot /
YES constrained option, not a mainstream route in
the near term.
Flat-to-container cullet (flat VES Considered a more realistic recycling route
 container) than flat-to-flat given current industrial practice.
Quality / contamination Strict quality standards limit effective recycling
gates on recycling yields VES yields, especially for flat glass; not all collected
glass is recyclable (especially post-consumer flat
glass).
AMIGDALA - STAKEHOLDER FEEDBACK - V1.2 PAGE 8/24



‘ INCLUSION

ISSUE RATIONALE
Enforcing flat-to-flat cullet Rejected as unrealistic: post-consumer flat-
(flat » flat only) NO glass recycling is rare and poorly understood
today.
Encode composite end-of- —
life routes (cement co- YES
processing, pyrolysis)
Include glass wool sub- Glass wool sub-sector emissions are considered
sector NO too small to warrant a detailed modelling
extension.
Glass sector flow chart - final AMIGALA
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FIGURE 2 - GLASS SECTOR FLOW CHART — FINAL
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4.2 Pulp and paper

Differentiating paper categories, treating hygiene/tissue as out-of-loop, and

gt where to stop in modelling integrated chemical mills.

For pulp and paper, discussion focused on how to represent circularity and material
flows in a way that is both realistic and traceable. Stakeholders emphasised the need
to distinguish between different types of paper products, as their recycling
potential and end-of-life pathways vary significantly. In response, the model
differentiates between at least four categories — graphic, packaging, sanitary and
special papers.

A specific point raised was the treatment of hygiene and tissue products. These are
recognised as being largely out of the recycling loop, due to both sanitary reasons
and current waste management practices. The model therefore treats hygiene paper
as effectively non-recyclable. Other aspects, such as whether to explicitly model
recovery boiler energy and chemical recovery in integrated chemical mills, were
acknowledged as relevant but have been excluded given the required data collection
and modelling investment.

TABLE 2 - OVERVIEW OF MAIN PAPER SECTOR DECISIONS

ISSUE ‘ INCLUSION RATIONALE

Represent temperature TIMES-Europe differentiates between furnace heat
tiers and high- and other process heat. A temperature
temperature hygiene / NO

segmentation of different heat demands is not

tissue segment . . .
currently available nor is an extension foreseen.

Differentiate energy While different electrification and decarbonization
profiles by mill type e technologies will be available, only 1 mill profile

(integrated chemical, will be modelled across various locations.
mechanical, PfR)

Explicitly model boiler —
energy & chemical
recovery in integrated
chemical mills

NO

Treat hygiene / tissue as Hygiene / sanitary paper is considered effectively
largely out-of-loop for YES non-recyclable.
circularity

Distinguish 4 types of —
paper (graphic,
packaging, sanitary,
special)

YES

Test sector viability under While scenarios with congestion will be

different energy and PARTIAL considered, fossil fuel energy prices will be
congestion conditions
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INCLUSION RATIONALE

derived from authoritative (ex: IEA) sources.
Modifications on future fossil fuel prices are not

foreseen.
T »
Pulp & paper sector flow chart - final AMIGIALA
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FIGURE 3 - PULP & PAPER SECTOR FLOW CHART — FINAL
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4.3 Steel

Adding detail in environmental footprints rather than exploding the route

40 Q
. structure — keeping results clear and robust.

The stakeholder views generated a rich set of potential refinements to the route
structure. The project’s response is driven by the need to balance route complexity
with the clarity and robustness of results. On the one hand, stakeholders
highlighted the importance of accounting for different alloys and associated
impacts. On the other hand, they also identified a variety of process configurations
— such as different DR routes — that could, in theory, be modelled separately. The
final approach is to introduce more detail primarily at the level of environmental
footprints rather than through an explosion of routes.

TABLE 3 - OVERVIEW OF MAIN STEEL SECTOR DECISIONS

ISSUE INCLUSION RATIONALE
Explicit footprints for It is included in LCA modules where databases exist
alloys (ferro-Cr, ferro- YES but with limited GHG/energy impact but relevant for

Ni, deoxidisers) other impact categories.

Differentiate DRI These were considered too specific with difficulties

variants and sources to separate plants operationally as well as estimate

(hot vs cold, DRI vs HBI, e future volumes of DRI. It added complexity without

EU H-DRI vs imported "

FF-DRI/HBI) clear system-level benefit.

Include DR+SAF+BOF Currently considered as a decarbonization option

as separate route by few. The implementation effort is judged too
high for limited system impact. Given similarity of

NO techno-economic data with the DR+EAF route, we

believe routes can be merged into a generic DR
process without an overall significant impact on the
overall results.

Make scrap a Scrap import/export from and to the EU and the rest

constrained, YES of the world would be included in scenario

endogenous lever assumptions.

Treat CCS realistically Both will be separate as we expect to include CCS
and separately from YES but not to model CCU for steel.
CcCu
Capture by-products Implementation of the sector link with the cement
and cement linkages YES industry through BF slag at the national level is
planned.
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Steel Industry flow chart - final AMIGALA
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FIGURE 1 - FINAL STEEL SECTOR FLOWCHART
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4.4 Cement

Fuel choices (hydrogen, electricity) and how far to push the representation of

4.4 . . o '
material circularity in clinker, mortar and concrete.

In the cement sector, stakeholder feedback centred on fuel choices (in particular
hydrogen and electricity) and on how far to push the representation of material
circularity. AMIGDALA recognizes that hydrogen and full kiln electrification are
important elements of long-term decarbonisation narratives, but also that their
near-term deployment is constrained by costs, technology readiness and
infrastructure.

As a result, hydrogen use in cement kilns is included but explicitly limited to small
blends, on the order of five to ten percent of kiln fuels. Full kiln electrification is also
represented, but only as an R&D or partial option before 2050, rather than as a large-
scale solution in the earlier decades. Other issues, such as imposing standards-based
limits on supplementary cementitious materials and recycled material shares, or
constraining recycled concrete fines to specific process steps, are acknowledged and
under consideration, but no definitive yes/no decision is recorded in the material
reviewed.

TABLE 4 - OVERVIEW OF MAIN CEMENT SECTOR DECISIONS

ISSUE INCLUSION RATIONALE

Hydrogen limited to Included but capped at low shares; hydrogen
small blend (~5-10%) in YES expected to be expensive vs. other fuels.

kiln fuels

Full kiln electrification as Included with limited deployment pre-2050,
R&D / partial only before reflecting technology readiness and cost

2050 YES constraints. Even with electrification, most CO,

emissions remain from limestone calcination, so
CCS is still needed.

Electricity used mainly Electricity is primarily allocated to CO, capture,
for CCUS operation, not YES avoiding unrealistic full-kiln electrification in early
full kiln heat periods.
Caps on the use of CCUs CCUs deployment pace and therefore a cap on its
(pace of deployment, PARTIAL pace will be considered through sensitivity
staff/skill constraints) analysis.
Standards-based limits This will be considered in our scenario definition
on SCM / recycled TBC with options for the definition of standard or lack
material shares thereof.
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INCLUSION RATIONALE

Split emissions from —
waste-derived fuels into

q 5 i YES
biogenic and fossil
fractions
Limit recycled concrete This requires model refinement which we are
fines to blending step TBD unsure to undertake currently.

(cement mill, not kiln
steps)

-
. AMIGIALA
Cement sector flow chart - final
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FIGURE 4 - CEMENT SECTOR FLOW CHART — FINAL
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4.5 Fuels and feedstocks

Keep conventional routes explicit, preserve flexibility on combinations, and

4. . . :
2 leave detailed preferences to scenario design.

For the fuels and feedstocks topic, stakeholder feedback primarily addressed how to
represent fossil and low-carbon feedstock routes in a balanced way. Natural gas
remains a core feedstock for major routes such as steam methane reforming (SMR)
and Fischer-Tropsch (FT), and stakeholders confirmed that these conventional
pathways should be explicitly modelled rather than implicitly assumed. The model
therefore maintains natural gas as a clearly identified feedstock in route definitions, in
line with existing flowcharts and prevailing industrial practice.

At the same time, the review emphasised the importance of preserving flexibility in
how feedstock routes are combined and deployed. Stakeholders did not support
blanket prohibitions on specific configurations, such as the use of steam crackersin
certain contexts. Instead, the team decided to keep these technologies available, with
the understanding that more detailed preferences and constraints can be imposed at
the scenario design stage or by subject-matter experts, rather than hard-coding them
into the core model structure.

TABLE 5 - OVERVIEW OF MAIN FUELS & FEEDSTOCK DECISIONS

ISSUE ‘ INCLUSION RATIONALE

Explicitly include natural gas as —

feedstock for SMR and FT routes YES

Disallow steam crackers (SC) for No Modelling remains flexible, with

methanol feedstock detailed choices left open.

Extend product coverage to cover: To the best of our knowledge, the

bitumen, coatings, lubricants NO required data to be able to model these
products is not available.

Include BTX, propylene, methanol YES —

as a platform

Add routes for: waste pyrolysis, —
ethanol-to-jet and coal / natural gas YES
gasification

Include ethane cracker Data is unavailable and the ethane
NO process is not modelled in our current
model suite.

Capture trade and degree of —
dependency for fossil fuel and YES
feedstock in different scenarios
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Fuels & feedstock flow chart - final AMIGALA

Macro- —Dl Imports l—b

economics Demand in = -
—> & —-] Fuels/ Domestic production )
Sectoral Feedstocks. Coal C Euels:
eedstocl oal Cokiny
developments —- 9 Coke, Petcoke
LPG, Gasoline, Diesel,
Kerosene, Heavy oil Steel
LNG/CNG ] Transport
FAME, HVO-Diesel, SAF| Buildings
Synfuels

Bicethanol, Biogas
Ammonia, Methanol

. Bioethanol Hydrogen
Scenarios &
Control levers - Eeedstocks:
Resource Biogas > Coke, Petcoke
availabilities, LPG, Naphtha, BTX,
prices & Water Electrolysis Propylene Steel
upstream Bio/Syn naphtha Aluminum
emission- MeOH / NHz— Methanol, Bicethanol ; Plastics
factors Biogas, Hydrogen Chemicals
MTG / MTK
Hydrogen Products:
Lubricants, Bitumen,
cc FIFRekis Sulfur

Transport, Civil

[} eng., Chemicals

*Based on: CAPEX, OPEX, energy/material balance, emissions. **See the chemical industry flowchart for the corresponding processes.
ethylester; HVO: Hydrotreated Vegetable Oil; her-Tropsch; MTG: Methanol

FIGURE 5 - FUELS & FEEDSTOCKS FLOW CHART — FINAL
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4.6 Chemicals

Integrate credible low-carbon feedstock alternatives alongside conventional

gt routes — without prejudging which dominates.

In the chemicals sector, stakeholder feedback focused on two main aspects: the
integration of low-carbon feedstock alternatives into existing chemical routes,
and the representation of selected high-impact products such as methanol and
carbon black. The underlying objective is to expand the range of options available to
the model without artificially removing conventional pathways that remain relevant
today.

For methanol, stakeholders highlighted the opportunity to introduce biomethane
and biogas as additional feedstock routes. The project team decided to add these
options alongside natural gas-based routes, thereby creating explicit low-carbon
variants without prejudging which will dominate in specific scenarios. Overall, the
chemicals representation is designed to be technology-inclusive: it retains
conventional petrochemical routes, but systematically adds credible low-carbon
alternatives so that scenario design can explore shifts in feedstock, process choice
and environmental performance.

TABLE 6 - OVERVIEW OF MAIN CHEMICAL SECTOR DECISIONS

ISSUE ‘ INCLUSION RATIONALE

Separate feedstock vs —

energy uses of carbon & YES

hydrogen

Separate hydrogen and Not currently included in our model suite.

methanol balances across NO Software development on this point is not

sectors & processes foreseen.

Biomethane / biogas as Included as an additional low-carbon feedstock

input route to methanol YES option for methanol production, in parallel to
conventional fossil routes.

Conventional natural gas- Retained as a baseline pathway, reflecting

based methanol routes YES current industry practice and ensuring
comparability across scenarios.

Include carbon black Considered insufficiently material in terms of

NO emissions given the need to collect data for

conventional and low-carbon processes and
include in the models.

Include landfill as an end- —

. . . YES
of-life option for plastics
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INCLUSION RATIONALE

Model CCS & CCUS as —
. YES
separate technologies

AMIGALA
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Plastics’ sector flow chart - final AMIGALA

reduces

Macroeconomics
Sectoral
developments
|»| [Plastic flow dernand [*] demand

_ analysis,
linc. recyclin
echnologies]

: i |
@
2 :
=
T availabilities, N
5 prices & upstream
& emission factars
FIGURE 7 - PLASTICS' SECTOR FLOW CHART — FINAL
AMIGDALA - STAKEHOLDER FEEDBACK : V1.2 PAGE 19/24



4.7 Non-ferrous metals — Aluminium & Copper

Reflect the specific material flows and route constraints that shape

4.7 . . w“w ”n 1 g
decarbonisation — “non-ferrous” isn't a single block.

In non-ferrous metals, stakeholders for aluminium and copper converged on a
common ask: AMIGDALA should reflect the specific material flows and route
constraints that shape decarbonisation, rather than treating “non-ferrous” as a single,
generic block.

ALUMINIUM

On the aluminium side, they highlighted the need to distinguish specialty from
smelter grade alumina, to recognise that secondary production is fundamentally
scrap-limited (driven by availability, export arbitrage and quality) rather than
technology limited. That pathways where electrification, hydrogen and CCS
deployment are explicitly gated by enabling conditions such as power prices, grid
capacity, hydrogen supply and CO, transport and storage was also a key proposal.
They also stressed that PFC emissions and the uncertain deployment of inert anodes
towards ~2040 are central uncertainties, and that waste-to-value routes for bauxite
residue, dross, salt slags and refractories into cement and steel are important levers
currently constrained by waste framework rules.

COPPER

Copper stakeholders, by contrast, were primarily concerned with getting the system
boundaries and scrap flows right. They asked that sulfidic ore concentration and
oxidic ore hydrometallurgy — both carried out at mining sites — be moved out of
AMIGDALA's plant level process scope and treated as upstream LCA processes, given
that oxidic ore is only about 20% of supply. They proposed simplifying the real world
variety of recycling routes into three scrap flows by quality, while clearly
distinguishing preconsumer from end-of-life scrap, and using ICA data on how
different scrap qualities enter different stages of the primary route. They also
underlined that smelting of electronic waste produces additional CO, emissions
from burning organics and that unrecycled e-waste tends to be exported or landfilled,
which needs to be reflected if circularity and emissions are to be assessed
meaningfully. Finally, copper’'s global decarbonisation roadmaps place the main
emphasis on low carbon power and electrification of mining site processes and
equipment (around 60% of emissions), with hydrogen and CCS only playing longer
term or niche roles in smelting, particularly where carbon content or organics are
high, and stakeholders want AMIGDALA's copper module to mirror that prioritisation
rather than default to technology options that are unlikely.

TABLE 7 - OVERVIEW OF MAIN NON-FERROUS METAL SECTOR DECISIONS
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ISSUE INCLUSION RATIONALE

Split alumina into specialty vs Consideration will be given in due course as

smelter-grade and isolate we include further sectors depending on the

specialty plants from primary Tep impact of this choice in terms of

aluminium routes decarbonization and circularity.

Treat secondary aluminium as Availability of scrap aluminium will partly be

scrap-limited, not technology- determined as scenario inputs and partly

limited (availability, export by the model themselves. While limited

EILEEE GREIL S NO availability may be considered in the
scenarios and/or in sensibility analyses, we do
not plan to curtail scrap aluminium
volumes de facto.

Build electrification / H. In TIMES, the power price is endogenous

pathways with explicit enabler and W. In PyPSA, electrification and Ha

gates (power price, grid pathways can be modelled as competing

capacity and Hz) YES industrial technology options whose
deployment is constrained by local grid
expansion limits and hydrogen network
availability.

Include PFC regulation To date, despite research, we are unable to

scenarios and inert anodes NO find the LCA data needed to include inert

(around 2040) as key anodes.

decarbonisation levers

Model waste-to-value routes While we believe that data may be available,

for bauxite residue, dross, salt we are debating whether the impact of

§Iag and refractories, and the TBD including these routes will have a material

impact of waste-framework . .

criteria impact on the overall results given the
necessary effort.

Simplify the five real-world —

recycling routes into three

scrap flows by quality and YES

differentiate preconsumer vs

end-of-life scrap

Reflect process-stage entry of —

different scrap qualities in the YES

primary route (using LCA data)

Represent waste smelting —

emissions and alternative fates YES

(export or landfill)

Focus decarbonisation levers While data may be found on environmental

on low-carbon power and impact of mining, our models only include a

electrification of mining-site NO single process for mining which we do not

processes, with hydrogen and
CCS as longer-term or niche
options

plan to detail in the course of this project.
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AMIGDALA

Aluminium flow chart - final
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AMIGDALA

Copper flow chart - final
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SECTION 5
Conclusions

The stakeholder engagement process has provided a structured, evidence-based
foundation for the modelling choices in AMIGDALA. Through systematic mapping,
targeted engagement with industry associations, companies and academics, and the
translation of qualitative feedback into 86 operational yes/no issues, the project has
been able to capture a wide range of sector-specific concerns and test them against a
common decision framework. This has improved the transparency of inclusion and
exclusion choices and made it possible to trace how specific stakeholder comments
are reflected (or not) in the final model configuration.

THREE CORE PRINCIPLES
The resulting decisions consistently reflect three core principles.

First, materiality and data quality guide inclusion. This is visible in the treatment of
secondary materials and circularity, where scrap, cullet, PfR and copper scrap are
modelled with realistic constraints on availability, quality and contamination, and in
the explicit handling of by-products and sectoral couplings where reliable datasets
exist. Conversely, proposals that are clearly relevant in principle but cannot yet be
parameterised with sufficient confidence have been parked or treated qualitatively.

Second, the project favours simplicity in route logic while allowing more detail in
environmental footprints. In sectors such as steel and cement, the number of explicit
process routes is deliberately kept limited, with several potential variants (e.g. multiple
DR subroutes, highly granular kiln configurations) not implemented as separate
routes because they would add complexity without proportional system level insight.
Instead, differentiation is introduced where it is most informative: via LCA parameters
for alloys and some by-products, explicit separation of feedstock vs energy emissions
in chemicals, or temperature tiered heat demand where the benefits clearly justify the
modelling effort. This approach aims to preserve comparability and interpretability of
scenarios across sectors, while still capturing important heterogeneities where they
matter most.

Third, frontier technologies and circularity are integrated cautiously and
realistically. Innovative options such as full-electric flat glass, high hydrogen shares in
cement kilns or emerging low-carbon chemical routes are retained in the modelling,
but their deployment is constrained in line with current technology readiness, cost
ranges and infrastructure limitations, rather than assumed to scale unconstrained in
the near term. Similarly, circularity is modelled with explicit recognition of real-world
limitations: not all materials can be recycled at high rates, and quality standards,
contamination and collection practices are treated as binding constraints rather than
ignored. This cautious integration extends to enablers and policy: electrification,
hydrogen and CCS are linked to grid capacity, energy-price and CO, transport /

AMIGDALA - STAKEHOLDER FEEDBACK : V1.2 PAGE 23/24



storage considerations, and trade and CBAM questions are approached via scenario
sensitivities rather than deterministic assumptions.

Taken together, these choices mean that AMIGDALA's sector representations are both
more aligned with stakeholder expertise and more consistent across the modelling
suite. Many of the most consequential requests — on realistic scrap and cullet
constraints, feedstock/energy splits, treatment of hygiene paper, non-ferrous system
boundaries and key sector couplings — will be incorporated in a way that is explicit
and traceable. At the same time, the project has maintained a disciplined boundary
around what can credibly be modelled given time and data constraints,
acknowledging residual simplifications where they remain. The resulting framework is
therefore designed to provide a scientifically grounded, policy-relevant basis for
analysing decarbonisation pathways in the European process industry, while leaving
room for future extensions as new data and technologies become available.
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